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(57) A perovs kite-type titanium-containing mixed 
oxide particle comprising a composition represented by 
formula (I) and having a specific surface area ranging 
from 1 0 to 200 m^/g, the primary particles thereof having 
a specific surface area diameter defined by formula 
(II) ranging from 10 to 100 nm and the ratio Dg/D^ be- 
tween D^ and the average particle size Dg of the sec- 
ondary particles being from 1 to 10: 



M(Ti03) 



(I) 



(wherein M is at least one selected from Ca, Sr, Ba, Pb 
and Mg); 



Di=6/pS 



(il) 



(wherein p is the particle density and S is the specific 
surface area of the particles); 

The perovskite-type titanium-containing mixed ox- 
ide particles of the present invention have a small par- 
ticle size and excellent dispersibility and are most suit- 
able for applications to functional materials such as di- 
electric materials and piezoelectric materials and to 
memory media and photocatalyst. 
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Description 

Technical Field 

[0001] The present invention relates to titanium-containing mixed oxide particles, a sol thereof, a production process 
thereof and a film; more specifically, the present invention provides a perovskite-type titanium-containing mixed oxide 
fine particle having excellent dispersibility. 

[0002] The present invention is based on Japanese Patent Application No. 10-375086, the contents of which are 
incorporated herein by reference. 

[0003] Furthermore, the present application claims the benefit of U. S. Application No. 60/136,217 (filing date: May 
26. 1999). 

Background Art 

[0004] Perovskite-type titanium-containing mixed oxides represented by barium titanate are being used in a wide 
range of functional materials such as dielectric materials, stacked ceramic capacitor materials, piezoelectric materials 
and memory media. In recent years, as electronic parts have been further reduced in size and weight, there has been 
demand to develop a process for obtaining a perovsklte-type titanium-containing mixed oxide particle having a smaller 
particle size and excellent dispersibility at a low cost. Furthermore, titanium-containing mixed oxide particles having 
these characteristics can be expected to be used as application to photocatalysts. 

[0005] Processes used to produce perovskite-type titanium-containing mixed oxides are a solid phase process of 
using an oxide or carbonate as a starting material, mixing the powder thereof in a ball mill or the like and reacting it at 
a high temperature of about 800*C or more.to produce a mixed oxide; an oxalate process of preparing an compound 
oxalate and thermally decomposing the compound to obtain a titanium-containing mixed oxide; an alkoxide process 
of using metal alkoxide as a starting material and hydrolyzing it to obtain a precursor; or a hydrothermal synthesis of 
reacting a starting material in a water solvent at a high temperature and high pressure to obtain a precursor. Also, a 
process of preparing titanium oxide or a precursor thereof, dispersing it in a solvent and compounding it with a desired 
element in a solution (Japanese Unexamined Patent Application, First Publication No. Hei 8-119633) and a process 
of using titanium tetrachloride, titanium sulfate or the like as the titanium starling material (Japanese Unexamined 
Patent Application, First Publication No. Sho 59-39726) are known. 

[0006] The solid phase process is industrially advantageous because of its low production cost, however, the particles 
produced have a large and non-unifonn particle size, accordingly, they are not suitable for functional materials such 
as dielectric materials and piezoelectric materials. The particles obtained by the oxalate process are smaller than those 
obtained by the solid phase process, however, they are still of the order of from 0.2 to 0.5 jim, which is too large. The 
alkoxide process produces particles having a particle size of approximately from 20 to 30 nm, however, due to use of 
an organic material as the starting material, the production cost is high. Hydrothermal synthesis is disadvantageous 
in that the reaction is perfonned at a high temperature and a high pressure, therefore, a dedicated facility is necessary 
and the cost increases. 

[0007] Furthermore, even if particles having a small particle size are obtained by these processes, unless the particles 
also have good dispersibility, they coagulate in a solvent and when fomned and sintered into a product, and lack sat- 
isfactory properties for functional materials such as dielectric materials and piezoelectric materials. Furthennore, 
among perovskite-type titanium-containing mixed oxide particles, SrTiOa in particular is expected to have photocatalytic 
activity, but obtaining small particles Is not easy, and it has been difficult to obtain particles having excellent photocat- 
alytic activity at a low cost. 

[0008] An object of the present Invention is to provide perovskite-type titanium-containing mixed oxide particles hav- 
ing a small particle size and excellent dispersibility at a low cost. 

Disclosure of Invention 

[0009] The present invention is a perovskite-type titanium-containing mixed oxide particles comprising a composition 
represented by formula (I) and having a specific surface area ranging from 1 0 to 200 m^/g, the primary particles thereof 
having a specific surface area diameter defined by fomnula (II) ranging from 10 to 100 nm and a ratio 02/0^ between 
□i and the average particle size of the secondary particles being from 1 to 1 0: 



M(Ti03) 
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(wherein M is at least one selected from Ca. Sr, Ba, Pb and Mg); 

D^=6/pS (II) 
(wherein p Is the density of particles and S is the specific surface area of the particles). 

[0010] The perovskite-type titanium-containing mixed oxide particles of the present invention have a small particle 
size and excellent dispersibllity and are most suitable for applications to functional materials such as dielectric materials 
and piezoelectric materials and to memory media and photocatalysts. 



Brief Description of Drawings 
[0011] 

^5 Fig. 1 is a photograph by a transmission type electron microscope of titanium oxide particles in the titanium oxide 

sol obtained in Example 1 . 

Fig. 2 is a photograph by a transmission type electron microscope of titanium oxide particles in the titanium oxide 
sol obtained in Comparative Example 1 . 

Best Mode tor Carrying out the Invention 

[0012] The present invention is described in detail below. 

[0013] The perovskite-type titanium-containing mixed oxide particles of the present invention comprise a composition 
represented by formula (1) having a specific surface area ranging from 10 to 200 m^/g, the primary particles thereof 
having a specific surface area diameter D., ranging from 10 to 100 nm and a ratio of the average particle size D2 of 
the secondary particles to D., ranging from 1 to 10. 

[0014] The specific surface area diameter D-| of the primary particles can be obtained according to formula (II), 
wherein p is the density of particles and S is the specific surface area of a particle measured by the BET method. The 
average particle diameter Dg of the secondary particles is a value determined using a particle size distribution meter 
by dispersing the titanium-containing mixed oxide in a solvent. The particle size distribution is usually measured by 
the centrifugal precipitation method, the electrozone method (Coulter counter), the light scattering method or the like. 
Among these, the light scattering method is preferred due to its high sensitivity. The smaller the calculated value of 
D2/D1. the more excellent the dispersibllity of particles. The value of D2/D1 cannot theoretically be less than 1 when 
the particle is spherical. On the other hand, if the value exceeds 1 0, the primary particles become poor in dispersibllity 
and coagulate, which is disadvantageous. 

[0015] The perovskite-type titanium-containing mixed oxide of the present invention has a D2/D1 ratio ranging from 
1 to 10 and has excellent dispersibllity of the primary particles. Further, because such particles have excellent trans- 
parency when formed into a film, they can be applied to memory media or photocatalysts. In particular SrTiOg, for 
which M in Fonnula (I) is Sr, is especially suitable as a photocatalyst. 
40 [0016] These perovskite-type titanium-containing mixed oxides are used as particles, and can also be used for sols 
wherein the particles are dispersed. 



M(Ti03) (I) 
(wherein M is at least one selected from Ca, Sr, Ba, Pb and Mg); 

Di=6/pS (II) 
[0017] The production process of the present invention Is described below. 

[001 8] The titanium oxide particles containing brookite-type crystals for use in the present invention may be brookite- 
type titanium oxide alone or may contain rutlle-type or anatase-type titanium oxide as long as it contains brooklte-type 
crystals. In the case where the titanium oxide particles contain rutile-type or anatase-type titanium oxide, the proportion 
of the brookite-type titanium oxide in the titanium oxide is not particularly limited, however, it is preferably from 1 to 
100 wt%, more preferably from 10 to 100 wt%, still more preferably from 50 to 100 wt%. This is because It favors 
formation of single grain particle crystals which are favorable to amorphous particles, because the former have excellent 
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dispersibility In a solvent. Brookite-type titanium oxide In particular has better dispersibility than rutile-type or anatase- 
type crystals and is therefor preferable. It is not known why brookite-type titanium oxide has such excellent dispersibility,. 
but the reason may relate to the fact that brookite-type c*-yMals have a higher zeta potential than rutile-type or anatase- 
typc crystals. 

5 [0019] Examples of the production process of titaniu-'. oxide particles containing brookite-type crystal include a pro- 
duction process in the gaseous phase where anatase-type titanium oxide particles are heat treated to obtain titanium 
oxide particles containing brookite-type crystals, and a production process in the liquid phase where a solution of a 
titanium compound such as titanium tetrachloride, titanium trichloride, titanium alkoxide and titanium sulfate is neutral- 
ized or hydrolyzed to obtain a titanium oxide so! having dispersed therein titanium oxide particles. 
10 [0020] The production process Is not particularly limited as long as the titanium oxide particles obtained contain 
brookite-type crystals. When using the thus-obtained titanium oxide particles containing brookite-type crystals, a tita- 
nium-containing mixed oxide is produced, and the particles have a small particle size and excellent dispersibility. There- 
fore, a process of hydrolyzing a titanium salt in an acidic solution to obtain a titanium oxide sol. which was discovered 
by the present inventors, is preferably used. More specifically a process of adding titanium tetrachloride to hot water 
at from 75 to 100'C and hydrolyzing the titanium tetrachloride at a temperature ranging from IS^C to the boiling point 
of the solution while controlling the chloride ion concentration to obtain titanium oxide particles containing brookite- 
type crystals as a titanium oxide sol (Japanese Patent Application No. Hel 9-231172) or a method of adding titanium 
tetrachloride to hot water at from 75 to 1 00*C and hydrolyzing the titanium tetrachloride in the presence of either one 
or both of nitrate Ion and phosphate ion at a temperature ranging from 75*C to the boiling point of the solution while 
controlling the total concentration of chloride ions, nitrate ions and phosphate ions to obtain titanium oxide particles 
containing brookite-type crystals as a titanium oxide sol (Japanese Patent Application No. Sho 1 0-1 321 95) is preferred. 
[0021] The thus-obtained titanium oxide particles containing brookite-type crystals usually have a size of from 5 to 
50 nm in terms of the specific surface area diameter of the primary particles. If the specific surface area diameter of 
the primary particles exceeds 50 nm, the titanium-containing mixed oxide particles produced using such titanium oxide 
particles have increased particle size and are not suited for functional materials such as dielectric materials or piezo- 
electric materials, or for memory media or photocatalysts. If it Is less than 5 nm, difficulties arise in the handling during 
the production process for the titanium oxide particles. 

[0022] When the sol of the perovsklte-type titanium-containing mixed oxide particles of the present Invention Is man- 
ufactured, instead of using titanium oxide particles containing brookite-type particles, it is also possible to use a titanium 
oxide sol obtained by hydrolysis of a titanium salt in an acidic solution. If the titanium oxide sol is obtained by hydrolysis 
of a titanium salt in an acidic solution, the crystal type of the titanium oxide particles in the sol is not restricted. 
[0023] In the case where a titanium salt such as titanium tetrachloride or titanium sulfate is hydrolyzed in an acidic 
solution, the reaction is restrained and proceeds at a lower rate than a reaction In a neutral or alkaline solution. As a 
result, the particle become single grained and the titanium oxide sol obtained exhibits excellent dispersibility. Further- 
more, anions such as chloride ions and sulfate ions are not significantly incorporated into the titanium oxide particles 
produced, accordingly when producing the titanium-containing mixed oxide, the incorporation of anions into the par- 
ticles can be reduced. On the other hand, if hydrolysis is perfonned in a neutral or alkaline solution, the reaction rate 
is increased and a large number of nuclei are generated at an early stage. As a result, despite the small particle size, 
the titanium oxide sol obtained Is poor in the dispersibility and the particles coagulate in cloud-like shapes. If a titanium- 
containing mixed oxide sol is produced starting from such a titanium oxide sol, the particles obtained are poor in dis- 
persibility despite their small particle size. Furthemiore. anions Is readily incorporated into the titanium oxide particles 
in the sol and the anions are difficult to remove at a later stage. 

[0024] The method for hydrolyzing a titanium salt in an acidic solution to obtain a titanium oxide sol Is not particularly 
limited as long as the solution can be maintained acidic. However, a method of using titanium tetrachloride as the 
starting material, hydrolyzing It In a reactor equipped with a reflux condenser, Inhibiting the escape of chlorine generated 
and thereby maintaining the solution acidic, which was discovered by the present Inventors, Is preferred (Japanese 
Patent Application No. Hei .8-230776). 
[0025] The concentration of titanium salt as the starting material In the acidic solution is preferably from 0.01 to 5 
mol/L. If the concentration exceeds 5 mol/L, the hydrolysis reaction rate increases, as a result, the particle size becomes 
so large and the titanium oxide sol obtained is poor in dispersibility. whereas if it is less than 0.01 mol/L, the titanium oxide 
particles concentration obtained becomes low and the productivity decreases. 

[0026] The metal salt containing at least one selected from Ca, Sr, Ba. Pb and Mg, for use in the production process 
of the present invention is not particulariy limited as long as it contains one of the above-described metals. The metal 
salt Is preferably water-soluble and usually, a nitrate, an acetate, a chloride or the like is used. One kind of metal salt 
may be used or two or more kinds of metal salts may be mixed in an arbitrary ratio. More specifically, in the case of 
Ba. barium chloride, barium nitrate, barium acetate or the like may be used, and In the case of Sr, strontium chloride, 
strontium nitrate, strontium acetate or the like may be used. 

[0027] The process for producing a sol having dispersed therein perovsklte-type titanium-containing mixed oxide 
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particles of the present invention comprises reacting titanium oxide particles containing brookite-type crystals or a 
titaniumu oxide sol obtained by hydrolyzing a titanium salt In an acidic solution with a metal salt containing at least one 
metal selected from Ca, Sr Ba, Pb and Mg In a liquid phase. The reaction conditions are not particularly limited but 
usually, the reaction is performed in an alkali solution. The pH of the solution is preferably 13.0 or more, more preferably 
5 14.0 or more. If the pH is above 14.0, the particle size of the titanium-containing mixed oxide particles can be made 
small. 

[0028] In order to make the liquid phase alkaline, an alkaline compound is added to the liquid phase. If an alkali 
metal hydroxide compound, such as lithium hydroxide, sodium hydroxide, potassium hydroxide, and the like Is used 
as an alkaline compound, the alkali metal may remain in the titanium-containing mixed oxide particles, and when formed 
10 and sintered into a product, its characteristics as a functional material such as a dielectric material or a piezoelectric 
material may be degraded. Accordingly, as an alkali compound, an organic alkali compound such as ammonium te- 
tramethyl hydroxide is preferably used. The solution is preferably prepared such that the concentration of titanium 
oxide particles is from 0.1 to 5 mol/L and the concentration of metal salt containing M is from 0.1 to 5 mol/L in terms 
of the metal oxide. 

f5 [0029] While stirring the thus-prepared alkali solution, the reaction is performed at atmospheric pressure under heat- 
ing to maintain the temperature, usually at f ronn 40 to 1 20*C, preferably from 80 to 1 20*C. The reaction time is usually 
1 hour or more, preferably 4 hours or more. Then, after the end of the reaction, Impurity Ions are eliminated from the 
slurry using a method such as electrodialysis, ion exchange, washing with water use of an osmotic membrane and 
the like, and the pH is made equal to or less than 1 0. After this,_water or a water-soluble organic solvent or the like is 

20 added to the solution, and the solid content of the solution is set to a predetermined concentration. At this time, a 
dispersant or a film forming aid can be added to the solution. As adispersant, polyp hosphoric acid, hexametaphosphoric 
acid, dodecyibenzenesulphonic acid and the like can be mentioned, and as a film forming aid, alcohols such as butyl 
alcohol, and water soluble high polymers such as polyvinyl alcohol and methylcellulose can be used. 
[0030] By eliminating the dispersion medium from the sol obtained in this way, perovskite-type titanium-containing 

25 mixed oxide particles can be obtained. To eliminate the dispersion medium, usually, filtration of the sol, centrifugation, 
drying or the like can be carried out. In this case, the solid can be washed with water if necessary. Further, the obtained 
perovskite-type titanium-containing mixed oxide particles can be calcined. 

[0031] The drying is usually performed at a temperature of from room temperature to 150*C for from 1 to 24 hours. 
The drying atmosphere is not particularly limited but the drying is usually performed under atmospheric pressure or 
30 reduced pressure. The calcination is performed to improve the crystallinity of the titanium-containing mixed oxide and 
at the same time to remove the remaining Impurities Including anion such as chloride ion, sulfate ion and phosphate 
ion, and alkali compounds such as ammonium tetramethyl hydroxide. The calcination Is usually performed at a tem- 
perature of from 300 to 1 ,000'C. The calcining atmosphere is not particularly limited but the calcination is usually 
performed in air. 

35 [0032] The use of the sol of the perovskite-type titanium-containing mixed oxide particles of the present invention is 
not especially limited, and because these perovskite-type titanium-containing mixed oxide particles dispersed in the 
sol are small and have excellent dispersibility, they can also be preferably used for forming titanium-containing mixed 
oxide films. To form a film using a sol, first, water or a water-soluble organic solvent or the like is added to a sol wherein 
perovskite-type titanium-containing mixed oxide particles are dispersed if necessary, to adjust the concentration of 

40 solid in the sol. Then, the sol whose concentration of solids has been adjusted is applied onto a substrate such as a 
ceramic, metal, glass, plastic, paper, wood or the like. Then, the dispersion medium of the sol on the substrate is 
eliminated by drying, calcination is carried out if necessary, and a titanium-containing mixed oxide film can be laminated 
onto the substrate, a laminated product can be obtained. Because the film obtained in this way is particularly excellent 
in terms of transparency, it can be optimally applied to functional materials such as dielectric materials and piezoelectric 

45 materials, memory media and photocatalysts. Films of SrTiOs are especially preferable for use as a photocatalyst. 

Examples 

[0033] The present invention is described in greater detail below by referring to the Examples. 

so 

Example 1 : 

[0034] An aqueous solution having a titanium tetrachloride (purity: 99.9%) concentration of 0.25 mol/L was charged 
into a reactor with a reflux condenser, and heated to a temperature in the vicinity of the boiling point while preventing 
55 chloride ions from escaping and maintaining the solution acidic. At the same temperature, the titanium tetrachloride 
was hydrolyzed for 60 minutes to obtain a titanium oxide sol. Fig. 1 shows a photograph taken by a transmission type 
electron microscope of the titanium oxide sol obtained. As seen from Fig. 1 , the particles in the sol are monodisperse 
particles having a particle size of about 1 5 nm. This sol was condensed by precipitation. To 320 g of the resulting sot 
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having a titanium oxide concentration of 10 wt%, 97.7 g of barium chloride dihydrate (produced by Kokusan Kagaku 
K.K.) and further 600 g of ammonium tetramethyl hydroxide aqueous solution in a concentration of 20 wt% was added. 
After adjusting the pH to 14, the solution was stirred for 1 hour Thereafter, the slurry was heated .to 110'C and then 
reacted for 4 hours while maintaining the temperature. The slurry was washed with water, filtered and dried at 150**C 

5 for 12 hours to obtain a fine particle powder. 

[0035] This powder was subjected to examination by X-ray diffraction using an X-ray diffractometer manufactured 
by Rigaku Denka K.K. (RAD-B, rotor flex), and as a result, the powder was found to be cubic perovskite-type BaTiOs. 
The specific surface area S determined by the BET method was 34 m^/g and the specific surface area diameter 
calculated by fomnula ('II) was 0.03 iim. Furthermore, the powder was dispersed in water and the average particle size 

10 was measured using a light scattering particle counter manufactured by Otsuka DenshI (ELS-8000) and found to 

be 0.21 |xm. Therefore, the ratio Dg/D^ was 7.0. 

Example 2: 

15 [0036] A titanium oxide sol comprising monodisperse particles having a particle size of about 8 nm was prepared in 
the same manner as in Example 1 . Using this sol, a cubic perovskite-type BaTiOs fine particle powder was obtained 
In the same manner as In Example 1 . This powder was examined in the same manner as In Example 1 , as a result, 
the specific surface area S was determined to be 46 m^/g, the specific surface area diameter was 0.02 p,m, and 
the average particle size D2 was 0.19 p,m. Therefore, the ratio was 9.5. 



20 



40 



Example 3: 



[0037] A titanium oxide sol comprising monodisperse particles having a particle size of about 10 nm was prepared 
in the same manner as in Example 1 except that titanium sulfate was used in place of titanium tetrachloride and the 
25 sulfate ions were prevented from escaping, instead of the chloride ions. Using this sol, a cubic Perovskite-type BaTiOg 
fine particle powder was obtained in the same manner as in Example 1 . This powder was examined in the same manner 
as in Example 1 , and as a result, the specific surface area S was detemnined to be 40 m2/g, the'specific surface area 
diameter was 0.03 (.im, and the average particle size D2 was 0.22 jim. Therefore, the ratio Dg/D^ was 7.3. 

30 Example 4: 

[0038] A titanium oxide sol comprising monodisperse particles having a particle size of about 15 nm was prepared 
in the same manner as in Example 1 . Using this sol, a cubic perovskite-type SrTiOg fine particle powder was obtained 
in the same manner as in Example 1 except that 1 06.7 g of strontium chloride hexahydrate was used in place of barium 
35 chloride. This powder was examined in the same manner as in Example 1 , as a result, the specific surface area was 
determined to be 28 m^/g, the specific surface area diameter D., was 0.05 p,m, and the average particle size D2 was 
0.1 0 |xm. Therefore, the ratio D2/D1 was 2. 



Example 6 : 



[0039] A titanium oxide sol comprising monodisperse particles having a particle size of about 15 nm was prepared 
in the same manner as in Example 1 . Using this sol, a reaction was carried out In the same way as in Example 1 , 
except that 106.7 g of strontium chloride hexahydrate was used in place of barium chloride, and a strontium titanate 
sol with a pH of 14 was obtained. The strontium titanate concentration of the sol was 7 wt %. 
45 [0040] Then, after cooling this sol, electro dialysis was carried out, and 'the remaining ammonium salt, chlorine and 
the like were eliminated, the pH was set to 8. Electro dialysis was carried out with a Seremion ME-0 manufactured by 
Film Process Engineering K. K. 

[0041] Then, a part of this sol was dried in a vacuum desiccator, and a powder of cubic perovskite-type BrTiOg 
particles was obtained. This powder was examined in the same manner as in Example 1 , and the specific surface area 
so s was found to be 29 m^/g, the specific surface area diameter Di was 0.05 pm, and the average particle size D2 was 
0.08 p,m, and therefore the ratio D2/D^ was 1 .6. 

[0042] Ethyl alcohol was added to the remainder of the 7 wt% strontium titanate, and after adjusting the concentration 
of the strontium titanate to 5 wt%, a polyvinyl alcohol film fomiing aid was added to the sol in an amount of 500 ppm 
to weight of the sol. 

55 [0043] After the film-forming sol obtained in this way was applied to a glass plate by dip coating and dried, it was 
calcined at 500 '^C for one hour in air, and films of strontium titanate were formed on the glass substrate, and a laminated 
product was obtained. The thickness of the film on the glass substrate was 0.3 |j.m. Further, when this film was observed 
by scanning electron microscopy (SEM), the particle size of the particles in the strontium titanate film was found to be 
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0.043 |.im. 

[0044] Then, the transparency and photocatalytic activity of the obtained laminated product were evaluated by the 
methods described below. The results are shown in Table 1 . The transparency was evaluated using a hazemeter by. 
Tokyo Denshoku Gijutsu Center Ltd. according to the method of JIS K671 8. and categorized into three grades. Further, 
the photocatalytic activity was judged into three grades by visual observation the degree of fading of the red color after 
irradiating for 30 minutes with ultraviolet irradiation using a 2.1 mW/cm^ black light with a wavelength of 365 nm onto 
a number of drops of red Ink applied to the strontium titanate film. 

Table 1 





Transparency 


Photocatalytic activity 


Example 5 


® 


® 


Comparative Example 4 


X 


X 



[0045] In Table 1 , the symbols have the following meanings: 

• Transparency 

©Haze rate below 2.0 % 

O Haze rate from 2.0 % to less than 5.0 % 

X Haze rate 5.0 % or above 

• Photocatalytic activity 

©Satisfactory fading 

O Unfaded portions were present 

X No fading 

Comparative Example 1 : 

[0046] A titanium oxide sol was obtained in the same manner as in Example 1 except that a solution obtained by 
adding ammonium hydroxide to an aqueous solution having a titanium tetrachloride (purity: 99.9%) concentration of 
2.5 mol/L and adjusted to a pH of 7 was charged into a reactor with a reflux condenser. Fig. 2 shows a photograph by 
a transmission type electron microscope of the titanium oxide sol obtained. As seen from Fig. 1 , the primary particles 
in the sol were coagulated particles having a particle size of about 5 nm. Using this sot, a cubic perovsklte-type BaTi03 
fine particle powder was obtained in the same manner as in Example 1 .This powder was examined in the same manner 
as in Example 1 , as a result, the specific surface area S was determined to be 58 m^/g, the specific surface area 
diameter was 0.02 \m\, and the average particle size D2 was 0.25 pim. Therefore, the ratio Dg/D^ was 12.5. 

Comparative Example 2: 

[0047] A cubic perovsklte-type BaTiOg fine particle powder was obtained in the same manner as in Example 1 except 
for using 320 g of a 10 wt% aqueous solution in which a commercially available titanium sol (F-4 produced by SHOWA 
TITANIUM CO., LTD., specific surface area diameter: 28 nm), as a titanium oxide, was thoroughly dispersed using 
ultrasonic waves. This powder was examined in the same manner as In Example 1 , as a result, the specific surface 
area S was determined to be 28 m^/g, the specific surface area diameter was 0.04 p.m, and the average particle 
size Dg was 0.44 \im. Therefore, the ratio D^D^ was 11 .0. 

Comparative Example 3: 

[0048] To an aqueous solution having a titanium tetrachloride (purity: 99.9%) concentration of 2,5 mol/L, barium 
nitrate was added so as to make the concentration equimolar with respect to the titanium in the aqueous solution, and 
further, potassium hydroxide was added to adjust the pH to 13.5. The resulting, solution was heated while stirring to 
a temperature in the vicinity of the boiling point and reacted for 4 hours while maintaining the temperature. The slurry 
obtained was washed with water, filtered and dried at 150''C for 12 hours to obtain cubic perovskite-type BaTiOa fine 
particle powder This powder was examined in the same manner as in Example 1 , as a result, the specific surface area 
S was determined to be 28 m^/g, the specific surface area diameter was 0.04 ^im, and the average particle size D2 
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was 0.45 j.im. Therefore, the ratio 02^0^ was 11 .3. 



Comparative Example 4: 

[0049] To a commercially available strontium titanate (ST-HP-1 manufactured by Kyoritsu Yogyo; specific surface 
area of 20 m^/g; = 0.1 ixm; average particle size Dg = 1.5 |im; D^/ Dg = 15), water and ethyl alcohol were added, 
and in the same way as in Example 5, after adjusting the concentration of the strontium titanate to 5 wt%, a polyvinyl 
alcohol film forming aid was added In an amount of 500 ppm to weight of the sol. 

[0050] Using the film fonning sol obtained in this way, in the same way as in Example 6, a strontium titanate. film 
was formed by application to a glass plate, and a laminated product was obtained. The film on the glass substrate had 
a thickness of 3 |im. Further, when the film was observed by scanning electron microscopy (SEM), the particle size of 
the particles In the strontium titanate film was found to be 1 .5 pm. 

[0051] Then, the laminated product obtained In this way was evaluated for transparency and photocatalytic activity 
in the same way as in Example 5. The results are shown in Table 1 . 

[0052] As describe above, the perovskite-type titanium-containing mixed oxide particles and sol of the present in- 
vention have a small particle size and excellent dispersibility. These particles and sol can be manufactured from inex- 
pensive titanium tetrachloride and titanium sulfate as raw materials. Furthemriore, when the titanium-containing mixed 
oxide is strontium titanate, it has a high photocatalytic activity. 



20 Industrial Applicability 

[0053] As explained above, the perovskite-type titanium-containing mixed oxide particles of the present invention 
have a specific surface area of 1 0-200 m^/g, with primary particles having a specific surface area diameter of 1 0-1 00 
nm, and a ratio of between and the average particle size of the-secondary particles of 1 -1 0, and because 

25 the particles have a small size and excellent dispersibility, they can be optimally applied to functional materials such 
as dielectric materials, piezoelectric materials and the like, and memory media and photocatalysts and the like. 



30 



35 



40 



45 



Claims 

1 . Perovskite-type titanium-containing mixed oxide particles comprising a composition represented by formula (I) and 
having a specific surface area ranging from 10 to 200 m^/g, a primary particle thereof having a specific surface 
area diameter defined by formula (II) ranging from 1 0 to 1 00 nm and a ratio Da/D^ between and an average 
particle size of secondary particles being from 1 to 10: 

M{Ti03) (I) 

(wherein M is at least one selected from Ca, Sr, Ba, Pb and Mg); 

Di=6/pS (II) 

(wherein p Is a density of the particles and S Is a specific surface area of the particles). 

2. A sol wherein the perovskite-type titanium-containing mixed oxide particles according to claim 1 are dispersed. 



3. A process for producing a sol comprising a dispersion of perovskite-type titanium-containing mixed oxide particles 
according to fonnula (I), wherein titanium oxide particles containing brooklte-type crystals, and a metal salt con- 
taining at least one selected from Ca, Sr, Ba, Pb and Mg are reacted In a liquid phase. 



MfTiOa) (I) 

(wherein M is at least one selected from Ca, Sr, Ba, Pb and Mg) 
4. A process for producing a sol comprising a dispersion of perovskite-type titanium-containing mixed oxide particles 
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according to formula (I), wherein a titanium oxide sol obtained by hydrolysis of titanium salt in an acidic solution, 
and a metal salt comprising at least one of Ca. Sr Ba. Pb, and Mg are reacted in a liquid phase. 

MCTiOg) (I) 

(wherein M is at least one of Ca, Sr, Ba, Pb and Mg.) 

5. A sol manufactured by the process according to claim 3 or claim 4. 

6. Perovskite-type titanium-containing mixed oxide particles obtained by elimination of a dispersant medium from the 
sol according to claim 5. 

7. A process for producing a sol according to claim 3 or claim 4, wherein the liquid phase is alkaline. 

8. A film formed from the sol according to claim 2. 

9. A film formed from the sol according to claim 5. 

10. A laminated product wherein the film according to claim 8 is laminated on a substrate. 

11. A laminated product wherein the film according to claim 9 is laminated on a substrate, 

12. The laminated product according to claim 10 wherein said substrate is one of a ceramic, metal, glass, plastic, 
paper, wood, or concrete. 

13. The laminated product according to claim 11 wherein said substrate is one of a ceramic, metal, glass, plastic, 
paper, wood, or concrete. 

14. Perovskite-type titanium-containing mixed oxide particles according to claim 1 , wherein M is Sr. 

15. A film according to claim 8, wherein M is Sr. 

16. A film according to claim 9, wherein M is Sr. 
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